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Title: JON-EXGHANGE / £ L^OTROC H E M ICAt, TREATMENT OF AMMONIA IN WASTE-WATER 

[001] This invention relates to the breakdown of dissolved ammonia and ammonium, In waste-water, and to the 
desideratum of discharging the resutting nitrogen in the form of nitrogen gas. It is known that treatment of 
ammonium-water by electrolysis can release the nitrogen in the form of nitrogen gas, and the present invention 
aims to improve the cost-effectiveness of that electrolysis technology, 

BACKGROUND TO THE INVENTION 

[002] The traditional non-electrolytic methods of breaking down and removing ammonia and ammonium from 
water have basically involved engineering a system which exposes the water to oxygen. The system promotes 
oxidation reactions, which usually have had a high aerobic microbiological component. However, such Oxidation 
reactions predominantly leave the nitrogen in th© form of (disserved) nitrate and of the various (gaseous) oxides of 
nitrogen, These nitrogen compounds themselves can be health hazards, and should not be simply discharged 
>nto the environment, at least not in the large quantities that arise from treating waste-water. 

[003] Patent publication US-6,083.377 (Lin + Shelp, July 2000) describes the use of electrolysis, In effecting the 
direct breakdown of ammonium to nitrogen gas. Effective though it can be, under many conditions, the disclosed 
electrolysis technology works best when the concentration of ammonium is high. When the concentration is low, 
the amount of electrical energy needed to drive current through the electrolytic cells can spoil the economics of tho 
process. If the energy usage is kept economical, the ammonium content of the discharged water though 
diminished, still might be too high. 

[004] ft fs- an aim of the present invention to provide (a) that the ammonfum in waste-weter l& converted, by 
electrolysis, directly to nitrogen gas; (b) that the concentration level of ammonia and ammonium in the discharged 
water is acceptably low: and yet (c) that only an economic amount of electrical energy Is required. 

[005] Breaking down ammonium by electrolysis, when property engineered and operated, avoids the formation 
of the unwanted and toxic oxidation products. Also, it is recognised that electrolytic treatment fa much less 
dependent on ambient temperature than aerobic micro-biological oxidatton. That is to say. electrolysis would be 
preferred for cold climates, for achieving the required dirninishment of ammonium. If K could be done more 
economically. 



THE INVENTION IN RELATION TO THE PRIOR ART 

[ n 06J It is well known that dissolved ammonium can be removed from waste-wafer by ion-exchange. A solid 
body of sorbdntt material is provided, and the waste-water containing the ammonium passes through the body. 
The ammonium is sorbed out of solution in exchange for a cation (such as sodium), and the body retains the 
ammonium ions on the material. 

[007] When the ion-exchange medium becomes saturated with ammonium, now the ammonium has to be 
removed thererfrom. The flow of waste-water is shut off, or diverted away from the sorbent body, and a volume of 
regenerant water is flushed through the sorbent body. The itenerant water contains a high concentration of 
dissolved sodium chloride, and the sodium ions displace the ammonium ions sorbed on the aorbsnt body Tha 
ammonium ions then pass into solution in the regenerant water. 

[008] After flushing, the waste-water flow can be fed through the sorbent body; which will once again act to sorb 
ammonium Out of the waste-water* After flushing, the volume of regenerant water, with me ammonium now 
dsssojvad therein, drains back Into a regenerant storage tank. The ammonium remains, still untreated, in the 
regenerant water, although at a higher concentration level than the concentration in the waste-water. 

[009] It is recognised that the ammonium in the regenerant water, being more concentrated than the 
ammonium fn the waste-water, Is easier to treat The higher the concentration, the greater the rate at which the 
break-down reactions can take place, and this is true even when the ammonfum is to be removed by the 
traditional aerobic microbial oxidation methods. However^ it is recognised, in the invention, that the higher 
concentration of ammonium In the regenerant water makes it hugely more economical to extract the ammonium 
from the regenerant water by electrolysis, than it was to extract the ammonium from the waste-water itself, directfy 
by electrolysis. 

[0010J It is noted that the regenerant water contains sodium chloride, or soma similar salt, in high concentration 
It is recognised that the presence of such sett in the regenerant water means that the regenerant water l$ much 
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+S>£S£^ ^ to *• water, 

the wastewater itself direct Ch < " minlshed - compared with the energy needed to etedrolyse 

SSL?. SSS^aSJ^^ During regen erat-on, ^ regenerant 

Prefe^fciy, fro ce,, te op * rated fiftSKmaSni S tEe STS?^ » n water « broken down, 
and the P H of the regenerant water, are such That The V^nSS^^^^ ,J * ° f * ia "9««***W»r. 
component of the ammonium takes the form S^SSS^SS^^SSto^ "2* th6 n!tr ° Ben 

Greeted. shov«s how to operate an electrolytic ce I such , m« ittJL £^ , 3,3 T 1 to whlch is hereby 

which will lead to the formation of nBrogen gLs ^ Ired condr,torts of Eh a "d PH can be realised 

done on the regerwra^S. ?ffi?SS e^SLTlf ° f co " ditio " s ' the electrolysis is 

under a narrow range of widfflons muM th^JL^ k y wa . s d , one on the ^ste-water directly, only 
in W hich the tm^Jy^.S^SSSiiS^JS; aimS to P ™* e a ^ 

extracted ammonium is converted directly uSrSboaZ JL2 i„ T*J ** rt,on,um content, in which the 
under a wide range of condiifonT 9 9 ' and Wh,Ch ** S ^ stem cart be ™n economically 

SeK^ 

This may be contrasted w«h many VM^SlcSS^^^^ cycle and can be recycled indefinitely, 
to capture the contaminant. mS^SSSSSS^ regenerant water is used o'nce, 

Sti) re£n^ * — —.urn, mean, 

much more readily than can a stream ^SSS^m-Sm^S requ,rerr,en ^ ° f ^ient electrolysis 
means that the electrical resistance of the^te tow wlS, ti^t t^"^?* W3ter fe of hi S h foni ^ strength 
ammonium reaction leaves thTrSe°erant cS(2™ h ^ aant and <c> the overall 

captured, and thus able to be rec^d <=hem,cally unchanged, i.e as It was before (he ammonium was 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



* " a Z 9 ^XZZT tS °* aPParatUS ^ — combined and configured to operate in the 

and not necessariiy by specific features J^^^X^S! " * by acoom P a ^9 claims, 

water may be passed through *i^^S5SS£^^!S, 'i? n - exctiaf1 ^ «fcimn« 1.2,3. ThaZe- 

Arnmonium in the waste-water is removed I bvSexrh'^^^^" °H e of,heM ^ h series 
treated waste-water then passes out ^I^SaSSS^J^ * s°rbent material in the columns. Th 9 
ammonia-, ammonium^ree. A pfop«rt^l2Ed J£E£Sl£2 9 a , d,scl 2 9 ^ Port 5. substantially 
««. the ammonium level dow. to ^n&^ 



(i.e safe) level, As mentioned, It is recoanised in ^mn . JP . stat,c>n . aow n to an acceptably low 

needed, in order to gat down to £ at * e etectroIv « c stabon that Would be V 
corresponding sorption station. On the She Z^T^L ' eSS econ ^^i than the 

■ntac, Whereas in the e,ectro.ytic etaUon the >2£Z5£^ ««*■ ™in 

W1« The ion^change sorbent materia, may com pris e nature,, occurring materials such as.eoli.es or 
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equivalent synthetic resins that function as cation exchangers. To the extent possible, the ion-exchange media 
should be so configured as to specifically target ammonium as the substance to be aorbed, 

[00201 When the sorbent material in e.g column 3 has become saturated with ammonium, water-flow control 
waives are operated, to divert the Incoming waste-water stream away from the saturated column 3 to one of the 
other columns.. The control vafveS are operated also to cause water from a regene rant tank B to circulate through 
the saturated column The regenerant circulation through column 3 is indicated by the dotted arrows In Hg 1. 
The valves car* be operated in such manner as to pass the regenerant water from the tank 8 through the other 
columns 1.2. of course. 3S £nd When those become saturated with ammonium. 

[0021] The regenerant water from the tank 8, which flushes through the ion-exchange resin in the column 3. Is 
water that has been charged wHh a high concentration of sodium chloride (i.e the regenerant water is 
concentrated or«n^)- The sa<#um ions displace the ammonium, on the sorbent material, in the column. The 
ammonium p£*£sO£ (back) into solution, put now into the regenerant water. The sodium ions remain on the 
sorbent. The flew of the regenerant water is controlled by the various valves and pumps, in the regenerant tank 8, 
in tliB electrolysis Station 24, and elsewhere, as shown. White sodium chloride is satisfactory, and inexpensive, 
olfrer salts may be used in, the regenerant-water, to provide the ion-exchange function, such as potassium and 
calcium chloride salts. 

[0022] When the ion-exchange media in the column 3 has been flushed clear of ammonium, the control valves 
are again operated, to make the column once again open to the incoming flow of waste-water* and available* for 
aoibing ammonium out of the waste-water. The now-flushed ion-exchange material can function, once again* to 
capture ammonium ions out of solution, i.e out of the waste-water being treated. 

[0023] The engineer may prefer to run the incoming waste-water through more than one of the columns, if more 
than one is available, running the waste-water first through the column that is most nearly saturated, and then 
through the fe 3 s- saturated column. 

[0024} The regenerant water, upon returning from the ion-exchange column, contains a high concentration of 
ammonium. In accordance With the Invention, the ammonium-laden regenerant water is circulated through the 
electrolysis station 24. Here, the ammonium is broken down, and the nitrogen component thereof Is released as 
nitrogen gas, at 10. The ammonium in the regenerant water, i.e the ammonium that has been flushed out of the 
sorbent in the column, is at a higher concentration in the regenerant water than it was in the waste-water passing 
through the columns, and again it is noted that electrical energy can be used to promote the ammonium 
breakdown reactions, by electrolysis, with much improved efficiency, if the ammonium concentration is high. 

[0025] The breakdown reactions that take place in the electrolysis station 24 will now be considered. In the 
electrolysis station, the ammonium dissolved in the regenerant water is broken down at the anode into nitrogen 
gas. The reaction creates hydrogen ions and electrons. Chloride ions in the water also react at the anode, 
producing chlorine and electrons. The chlorine dissolves in and combines with water, to form hydrochloric and 
hypochlorous acids. Ammonium still present In the water then reacts especially with the hypochlorous acid, to 
create nitrogen (gas), and to release hydrogen ions and chloride ions into the water. (It is recognised th#t pfl^llel 
reactions can be engineered using bromide and other halide salts.) 

[0026] Thus, the main electrolytic reactions of interest are oxidation reactions that occur at the *node. wf>jco 
include: 

2MH4+ N2 + 8H+ + 6e- and 
2CI > CI2 + 2e- 

£00271 The chemical reactions that result Jncluoe: 

CI2 + H20 --> HOCl + HCI 

2NH4 + 3HOCI ~> N2 + 3H20 + 5H+ + 3CI- 

10028] These reactions ere simple enough to engineer. It is possible to monitor and control the pH and the 
redox voltage of the regenerant water passing through the electrolytic cell, but it is recognised that the conditions 
can readily be engineered without dose control. Once the conditions have been thermodynamically created In 
which the reactions take place, the tendency of the ammonium to transform directly to nitrogen gas is very strong. 
Very ttlfcla of tho unwanted oxidation products, such as nitrate and the various nitrogen oxides, are produced. 

(0029] Thus, the ammonium in the regenerant water is disposed of. leaving nothing but nitrogen gas, and a little 
acidity In tha water. This latter can be dealt with by suitable pH control measures. In Fig 1 , these include a pH 
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n-^KSSS^MBtf 1 SSSKtSS 5 ^f"™ having taken part In the 

electron cycte, is now in ™££ S s S^ ft ^2S' * tha «? d ° f <" a ron-exchange and 
for filtration /precipitation of impurities. for ad *n g Si^kfS^ J2iS^? nS * ,0< ? k P,aCe ' With P'^ 5 *' 1 
the regenetrant water is made ready to partieioate in fii^fr JJLli ^ q bt es of ita Cfnstiluerrta, as necessary, 
can be recycled for an indefinite S^^^rt nSSl! "^Ti !? ^erant wate? 

aurfabte for recycling over long periods is tiny .Sa^^lTS?! 1 * ^ 'u 9 * a ^generanl water 

S£Lf b tT^^ resistance. , t te the re.en.ran, 

distance assist, h ensuring tSat the e^lri^^^^^ 

Sd -S^^ - ». cel, may be or 

ceii electrode can be configured S of mofoioTar ™™ w com P artfnents . °r undivided. The 
with a catalytic material (plafinum or varies meta ^JE tor^ZLw" The anoctes 00,11 1x1 coaled 

designer should aim to operate the elec rod hem ca^L /i t P 1 ^ P romo!,n 9 d e*ired reactions. The 
potential is maintained aL^illSS^SS^^^^^T ^ ,he an£ ** ,1alf - ce " 

reactions described above. respect to a standard hydrogen electrode), to promote the anode 

exchange re*n In the column TtaC K^^SSS^^^v ammon,um as ^"bte from lha lon- 
- effective the fon-exchanoe croeess "can h* in fbSS^l * ammonium in the regenerant water, lhe more 
1 ,2,3, and into ih?SSSr5f5Sr^ri5s "S^S^^XJ^Z ° Ut -f the material in the cc " umns 

of ammonium In the brine gradually diminishes so tt wli * y PfognMses. and the concentration 

finally be captured. In soma cases ft mioht be V r . emnan,s J? f «™wwum stored in the sorbent can 
redoiaqwllibrlum from Sbte ^ffiSS * e P?. of fa ™ e to s ^ the 
, columns down to even lower levels am m°n'a Sas. wh.ch can a S5 »st in extracting ammonium from (he 

RSSSISS So7IIrr er , the -^rantwatar may pfolc up 
electrolysis process, or OtmSSSSS^S^^^ ^generant water, or to affect the efficiency of the 

[0035J The ease may be noted with which the treatment Dlant can ai ^ .4 «r o , 

Sensors may be used to monitor inlet and outlet ammonte ^v' F ' 9 3 *' TOWS a basi ° 

in many cases, if the control of the whole system^eS ' " d * " reco 9 nised *** « ■ adequate. 

be added, for example with sensors for monSe thsStus I^^TS""?* Mor<s may 

sensors themselves are simple, and the batons rLufti™ . ? 5f S ^ eak<3 °wn reactions, but stilt the 

and close, to rebate flow* StaStaS SS^X^^t^JJ!^ valv ^ op« 

ammomum conconfration, pH levels, voltage and L^r^^gi^^^^ Q ' 9 SmSOfS 6,7 for 

regenerant water), nor too late (which wastes etecfrfciM ££S f ' BaVe t ome amm °n'"m in the 
Not experiments to determine the S^^ ^^J^^^}!!! 6 can be imputed (having done 
that has been sorbed into the ^sen^nS Z taSSn^H 2 " *7 ? 3Sa of a ^monia/ammonlum..N 
wuaHy-adecfuate degree of accuracy! SnS men, ton ed, that mass can be computed, to a 
water stream with that in the out-OPing stream , TlSSS * B . ammon » concentraticn in the incoming waste- 
needed to remove that mass ZffiSaffiTW th * ' en9m ^electrolysis time 
^ capa ^ of the ^exchange column 

[0037) As mooned, the incoming «ow of waste-water need no, be stopped when one of tha c. (Ll mns has 
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become eaturated, but is simply diverted to one of the other columns. Once the water has been elee(mh/*Ad 
enough to depfete the ammonium content, the powerto the cell | S simply SSSSdSl E som? SSTSSSoi as 
such may not be needed, in that it is sufficient for the cell to be operated by * Simple ^ imer Again the fength of 

10038] Fig 2 shows how the apparatus of Fig 1 may be incorporated into e.g a municipal sewage treatment 
S ^T^JZ^J^?*??? 5tatf ° n 23 - And n the elec,ro, y si3 station 24. the other stations Include grit 
If^Zl^V ,T arV l* rrfi9 Ji 7, S L Ud3e P rocess,n 9 28 > activated sludge reactor 29, secondary clarifier 30. and UV 
b-eatment 32 It is preferred that the wastewater being treated be conducted through the Ion-exchange columns 

dissolved organic materiel have been Amoved. 

[0039] It Should be noted that, since the ammonium is dealt with by the ion^exchange and electrochemical 
system as described herein, the other treatment stations in the municipal system can be designed for breaking 
down and removing organic contaminants from the water. In traditional treatment systems some of the other 
orfdation stations sometimes have to be compromised, by having to provide habitation for aerobic microbes for 
ammonium treatment Now, these stations, being relieved of the task of ammonium o)ddation can hw corniced 
for me task oi breaking down the organic contaminants. 

(0040] It may be necessary to provide facilriy for further processing, such as chlorination. or UV treatment for 
pathogen removal, which facility should preferably be placed after the ammonium treatment station. 

[0041] The ion-exchange and elortrochemteaf treatment system may alternatively be applied, in a municipal 
plant as part of the sludge processing and dewatering circuit The technology in this case would be used to 
remove ammonia from the Supernatant water from those circuits, prior to return to the waste-water plant 

[Q042] It should be noted also that traditional aerobic microbiological ammonium-oxidation stations take up 0 
good deal of ground space, By contrast, the ion-exchange adsorption columns may be arranged vertically (i,e as 
packed-bed or fluid^ed-bed columns), thus permitting a saving in required space. The regenerant tank and the 
atocrrolytic ceU do not take up much space, on the scale on which traditional aerobic stations measured. 

{0043] Other areas in which the ion-exchange^plus-ebclrochemjcal technology may be applied (other than main 
municipal Water treatment facilities) include:- 

- Treatment of effluent from sewage treatment lagoons or ponds. Sewage iagoons are often used by small 
communities for municipal watfe-water treatment The ion-exchange and etectmchemical system could bo used 
to remove ammonia from the effluent prior to discharge, 

- Treatment of mine waste water contaminated a* a result of blasting agents and other processina circuits 

- Treatment of effluent from food processing. 

- Treatment pf Industrial waste-water, such as from factories making fertiliser products. 

[0044] The systems as described herein may be summarised ss follows. The ammonium is first sorbed out of 
the waste-water onto an ion-exchange medium, whereby the resulting discharged waste-water has an acceptably 
tow ammonium content (typically, below one mg/Iitre of ammonia/ammonium nitrogen). When the sorbent is 
saturated, regeneration is done by ion-exchange, the ammonium being transferred from the sorbent into the 
raganerant-wpter. The regeneraht-water is passed through an electrolytic cell, which breaks down the dissolved 
ammonium. In the celt the regenerant-water is driven to the conditions- in which nitrogen in the form of gas is 
tnermodynam:cany favoured. The electrolysed, ammonium^dimfnished, regenerant-water can then be re-used in 
further regeneration episodes. 

[0045] Soma further points regarding the design of a treatment system that is to function in accordance with the 
invention will now be addressed. 

[0046] The system as described herein can be used on a municipal scale, producing e,g 1 800 kilograms of 
nitrogen per day; or it can be used to treat the waste-water stream from a house, or a few houses prior to 

rilfh^T int °, Q l8 . kQ ° r f l ver ' P rodu ? ng e g 0ne ^ of nitP °9eri Per d*y; or it can be used to treat the ammoniunv 
n^?^ stream from say afertilteerfectory, producing e.g 900 kg of nitrogen per day In each in 
Praetor^ the invention, the electrolysis station 24 would be related to the ion-exchange station 23 on the basis 
statiorT 0lQCtroly * ,s s1ation is abre *> convert to nitrogen. gas all the ammonium captured by the ion-exchange 

[0047J In practising the invention, the ion-oxchange and electrolysis stations should be matched to each other. 



{0047198 16- Sep- 02 10726~1 



Anthony Ascmii^h & Co 519 883 6093 



P - 97 



c 



P^e^ « f a-nga* th* .» one co,™ 1, *hu, 

stream f s then restored, once all the ammoniu^ ha<fh2fn ^ 96 ,s be,ng carriet{ out - Th * waste-water 
regent water. The itenerant i te pasS* 0 ^ 

a I he ammonium in the regenerant wate has been ^Z^Sn T^ ^^ ^ ^Qlysia station, intil 
station can remove all that ammonium from *e re fle nSn^ f T h ? d .f Sn ? r ™ 5t see to ™ at *e etedr 0 |y 6 i« 
saturated, i* oefore a frosh batch of w^^^^^J^^" become, ^ 

concenfcation of dissolved ammonium SS^t^S^S^^S^ ?f ^ enarant water - «• 
""-exchange media. One reason only one cSumn % not S5ffl^*ES W ^ «stdual ammonium from the 
has to be qu *ly put back on fine, to minimise K hKnSS^a trSi^ on, £ one ™ lu ™- the one column 
rt .3 not po Ssti ,te then to circulate the regenerant iSSS^^StSS^ Wa5te " Water stream : ar * °f course 

that the electrolysis station can ^k^^^Z^ll^ mf 1' the desi9ner of C0ure9 sh0lJ, d «• to » 
ammonium is b e,n 9 fed intothe body of -XS^^ *° 

provided; and the sKn U belet to SS^bSv^^*^- - ^ 0n ,? body <Wnerant water l. 

pequenltelly. Just one -lae|^!S2rE*p££S y SSfifSSS^SZffi T* ° f °" CO,U ™ S 

» circuit continuous* through the one column and S^^SSS^£ Son re9Snara,lt water P**"** 

SSK bo^ t^o^ anticipated *o»+*» of ammonium - 

typical case, the ihrcu Q h^^llZ m^Shoot cubt, an ™T" n COntent ° f ^ ^te-water. In a 
content of twenty grams per mmTTS^S^SS^^iX^ da * havin 9 an ammonia/ammohium-N 
tte designer might provice ^^s^ For such a case. 

where the ammonium la broken ^JS2^^^"^^^5™lf J~» « electrode call, 

.T r V b ^ des J 3rBd 50 that the bri "e regenerant water* PhS ^anUd JTJ^5 if 5 .! M £ ,bed ' that *** a system 

ojje, might have to otfdira "ha tftan kg of KX?™ X„ T f "S *" **** station, la a typical 

3500 antps would b* .rtadad. «, a d9 JU a ope S g " JXJSSmK, four .oST " ** re <*°" <" 

Mres of eleotruyta, thnvoluma of Ida boovo S«Z 12 u k alaotrolyho .taton oan oontain x« 
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Claims 



Claim 1, 
103} 



[04] 
105] 



Claim Z. 
[02] 

mi 

[04] 

105] 
[06] 



[07] 
[03] 
[09] 

[10] 

[11] 

{123 
[13] 



Cfalm 3, 
[02] 

[031 



Claim 4« 



CteJm 5, 
[02J 
[03] 
[04] 

Claim Or 



CfaJm 7. 



Apparatus for diminishing the concentration of ammonium in waste-water, including: 
an ion-exchanga medium, and conduits for conducting the flow of waste-water therethrough wherebv 

ammonium in the waste-water is sorbed thereon; ' 
iirt curable means for ceasing the flow of waste-water through the medium, when the tan-exchange 
medium is loaded with ammonium, and for passing a volume of regenerant-water through the 
medium, whereby the ammonium in the medium is transferred to the regenerant-water; 
an electrolysis station, and conduits for passing the volume of regenerant-water therethrough' 
wherein the electrolysis station is so configured as to oxidise the ammonium in the regenemnt water 
and as to thermodynamically favour the transformation of the nitrogen component thereof to 
nitrogen gas. 

Apparatus for diminishing the concentration of ammonium in waste-water, and for disposing of the 

ammonium as nitrogen gas, wherein: 
the apparatus includes an infet port, for receiving a flow of waste-watsr to be treated; 
the apparatus includes a discharge port, for discharging treated waste-water; 
the apparatus includes an sorbont-container. in, which is contained an sorb em-body, which is 

effective to sorb ammonium from water passing therethrough; 
the apparatus includes a regenerant-tank> containing regenerant-water; 

the regenerant-water contains, in solution, a regenerant-substance, which is of such nature, and of 
such concentration, as to have an ion-exchange relationship wfth respect to ammonium ions 
sorbed onto the sorbent-body; 

the apparatus includes a system of connecting conduits and operable flow valves; 

the valves are operable in a sorptfon-mode, and in a regenerant-mode: 

in th* sorptiorvmode, the valves are arranged so that wastewater passes from the inlet port, through 

the sorbent-container, and out of the discharge port; 
ft* the regenerant-mode, the valves are arranged so that regene rant-water from the regeneranMank 

passes through the sorbent-contelner, and back to the regenerant-tank; 
tm apparatus includes an electrolytic cell, which is structured for cantoning water undergoing 

electrolysis, and includes an anode and a cathode; 
the cell is so arranged that, upon ammonium-rich water being present in the cell, the ammonium is 

broken down, in such manner that the nitrogen component thereof takes the form of nitrogen 

gas; 

the cell includes a gas-vent, through which nitrogen gas created in the cell can be vanted from the 
cell; 

the apparatus is so arranged that the regenerant-water passes through the ceil, and undergoes 
electroIysis k whereby ammonium in the regenerant-water is broken down to nitrogen gas. and 
the concentration of ammonium is thereby diminished. 

Apparatus of claim 2, wherein: 

in the sorption-mode, the valves prevent the regenerant-water from entering and passing through the 
sorbent-container; * 

In the regenerant-mode, the valves prevent the waste-water from entering and passing through the 
sorbent-container; 

Apparatus of claim 2, wherein the regenerant-substance has an ion-exchange relationship with 
respect to ammonium ions sorbed onto the sorbent-body, in that, upon the regenarant-wster 
passing through the sorbent-body, the negenerant-substance Is sorbed onto the sorbent-body 
thereby displacing ammonium ions from the sorbent-body, the displaced ammonium ions beino 
. taken into solution in the regenerant-water. 

Apparatus of claim 2, wherein: 

the regenerant-tank is physically separate from the electrolytic cefi- 
conduits connect the regenerant-tank with the cell; 

an operable pump is effective, when operated, to circulate regenerant-water through the celL 

Apparatus of claim 2, wherein the sorbent body is so structured and arranged as to sorb an but a 
negligible concentration of ammonium from the waste-water. 

Apparatus of claim 2, wherein the waste-water being treated passes through the apparatus without 
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Claim 8. 
P>2J 

[03] 



Claim 9. 
[02] 



[03] 

Claim 10. 

mi 

C03j 



[04] 
105) 



Claim 11. 

[02] 
[03] 
104] 

{05] 

mi 

[07] 
.(08] 

[09] 

mi 

H2] 
(13] 

Claim 12. 
[02] 

[03] 

[04] 
(05} 
[06] 
[07] 

Claim 13. 



Claim 14. 



Itself being subjected to electrolysis. 
Apparatus* of cteim 2, wherein: 

,h ° < £H ImSSr™' C ° mpriSeS a P ' Ur3lity Q1 Separate ""I"'"-™, containing respective bodies of 
the apparatus includes operable flow-control means, so err 9n ged that the flow of waste-watw r*n h« 
?™9 h of the containers, until that container beccmesToaded SS, 



and then the flow of waste-water can be diverted and directed to a next ons of the 



containers. 



Apparatus of claim 8 wherein the configuration of the apparatus is such that 
^KSSE£T " ° f C0 ° tainere ' ^ of ^enerent water can be passed through 
^ b b&^ *> cf ™ ,ate "™«» *- container, while elects of the 

fYocedure for diminishing the concentration of ammonium in a flow of waste-water inciudinn- 

t^^sst throu9h m ion - exchanee madium - ^isss^ — 

Whe ?hemeSium anX^T™ * l 03 ™^ ammonium, ceasing <he flow of wastewater thresh 
the medium, and passing a volume of regenerant-water through the medium wherebv the 
ammonium In the medium is transfened to the regenerant-water mea,um ' * h * rrt v tt » 

passing the volume of regenerant-water through an electrolysis station' 

wherein the electrolysis station la so configured as to oxidise the ammonium in the reoenemnt ««tar 
X^^^ 0 ^^ 1 ^^ transformation of the nS^SSr' 

*'°"n^ of ammonium in waste - water - ^ *P-*B <* th. 

providing an apparatus that falls within the scope of claim 1 1 

conducting the flow of ammonium-laden waste-water in through the inlet port- 

*™9g wastewater through the sorter* body, thereby removing ammonium from the waste- 

dischar^ing the treated waste-water through the discharge port- 
when the sorbent body is laden with sorbed ammonium ^ ' 

- "hutting off the sorbent body from the flow of wastewater 

~ r *Q™Z a y~Z ater ^ m regeneranl-feink through the sorbent-container and beck to 

the recjenerarrt-tank, thereby breaking down the ammonium in the reoenemnSr 

- than re-opening the sorbent body to the flow of wastewater ra W^^ter, 
remosnng the ammonium from the regenerant-water, by- 

- passing the regenerant-water through the electrolytic cell" 

Procedure of claim 1 1 , including: 

«HnpuH"B the quantity A^oB^rr^SSS in tho absorbent 

^rn-SSe 9 "^ AR kf '° 9ramS *«"»■»*"" «• P-ent in the regene.nt water. 
^Z™?PJ^"t Up l t ,BS 'J rom fhe sfectrolytle charactertstics of the cell, of time-durations 

operating the cell for that time period P. 

Procedure of claim 1 1 , Including sensing when fhe sorbent body is \aci*n wiih * - . 
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concentration going above a pro-set threshold. 



Abstract of tho Disclosure 



Title: I ON* [EXCHANGE / ELECTROCHEMICAL TREATMENT OF AMMONfA IN WASTE-WATER 

The amrnoniorn is first sorbed onto an ioivexchange medium. When the sorbent is saturated, regeneration is 
dorte by ion-exchange, the ammonium being transferred into the regeneranl-water. Tho regenerant-water is 
passed through an electrolytic cell, which breaks down the dissolved ammonium. The cefl is operated to drrv© the 
r^generant-waier into conditions where nitrogen in the form of gas is thermodynamically favoured. The 
electrolysed, nmmonFum-dimlnished, regene rant-water can be re-used in further regenerant episodes. 



Anthony Asqurth 
Agent for the Applicant 
Dockat 616-75 
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